J 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 




@ Publication number: 0 479 541 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 91308956.1 
(g) Date of filing : 30.09.91 



@ Int. Cl.^ C07F 15/00, C07C 29/00. 
B01 J 31/00 



@ Priority : 01.10.90 JP 263439/90 

@ Date of publication of application : 
08.04.92 Bulletin 92/15 

@ Designated Contracting States : 
CH DE FR GB IT LI NL 

@ Applicant : Takasago International 
Corporation 

19-22, Takanawa 3-chome Minato-ku 
Tokyo (JP) 

(g) Inventor : Taketomi, Takanao, do Takasago 
Res. Inst Inc. 

36-31, Kamata 5-chome, Ohta-ku 
Tokyo (JP) 



Inventor : Akutagawa, Susumu, do Takasago 
Res. Inst Inc. 

36-31y Kamata 5-chome, Ohta-ku 
Tokyo (JP) 

Inventor: Kumobayashi, Hidenori, do 
Takasago Res. Inst Inc 
36-31, Kamata 5-chome, Ohta-ku 
Tokyo (JP) 

Inventor : Mashima, Kazushi 

37, Kamidachi-cho Yoshida Sakyo-ku 

Kyoto-Shi Kyoto (JP) 

Inventor : Takaya, HIdemasa 

7-9, Wakakusa 7-chome 

Kusatsu-shi Shiga (JP) 

^ Representative : Diamond, Bryan Clive et al 
Gee & Co., Chancery House, Chancery Lane 
London WC2A 1QU (GB) 



(g) Irldium-optically active phosphine complex and catalytic production of optically active alcohols 
therewith. 

(5?) An iridiunvoptically active phosphine connplex is represented by the formula : [H2lr(L^)(L^)]Y 
wherein is an optically active phosphine compound (11) or (111) : 



in 
o 

0. 




?(Ar) 2 



wherein Ar is a phenyl group or a p- and/or m-lower (C1-4) aikyl-substituted phenyl group : 




CIII) 



e.g. BINAP, 

is a tertiaiy phosphino compound of formula (IV) : 



^ i 
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The present invention relates to a novel iridiunvphosphine complex useful as a catalyst for various organic 
syntheses, particularly enantioselective hydrogenation reactions, and to a process for producing optically active 
alcohols using the complex. 

A number of organic synthesis reactions using a transition metal complex as a catalyst have hitherto been 
5 developed and made use of for various purposes. In particular, many reports have been made on enantioselec- 
tive catalysts useful for enantioselective synthesis reactions, such as enantioselective hydrogenation and enan- 
tioselective isomerization. Among them, metal complexes in which an optically active tertiary phosphine 
compound is coordinated to metallic rhodium or ruthenium are well known as catalysts for enantioselective hyd- 
rogenation. 

10 For example, a rhodium-phosphine complex using 2,2'-bis(diphenylphosphino)-1,r-blnaphthyl (hereinaf- 
ter abbreviated as BINAP) as a ligand is disclosed in JP-A-55-61937 (tiie term "JP-A" as used herein means 
an "unexamined published Japanese patent application"). 

Known ruthenium complexes include those having BINAP or a derivative thereof as a ligand, such as 
Ru2Cl4(BINAP)2 (NEta) (wherein Et represents an ethyl group) as disclosed in Ikariya. et al., J. Chem. Soc. 
15 Chem. Commun. . p. 922 (1985), Ru(02CR)2-(BINAP) (wherein R represents a lower alkyi group, a lower alkyl- 
substituted phenyl group, etc.) as disclosed in JP-A-62-265293, and [RuHf(R-BINAP)mPCn (wherein R repre- 
sents a hydrogen atom or a methyl group: X represents cf O4. BF4, or PFg; when f is 0. m represents 1, and n 
represents 2; and when f is 1. m represents 2, and n represents 1) as disclosed in JP-A-63-41487. 

For further information on enantioselective synthesis reactions using transition metal catalysts, Sheri. L 
20 BIystone, Chemical Reviews, pp. 1 663-1 679 (1 989) can be referred to. 

However, few cases are known in which an iridium-optically active phosphine complex is actually used as 
a catalyst for enantioselective syntheses, except conversion of an imine to an optically active amine as reported, 
e.g., in JP-A-63-57558 and JP-A-64-47723. 

Rhodium- or ruttienium-optically active phosphine complexes are known to exhibit high catalytic activity 
25 on a relatively wide range of substrates to give a high enantioselectivity (i.e., optical purity of a product) in enan- 
tioselective syntheses, especially enantioselective hydrogenation. However, both the catalytic activity and 
enantioselectivity achieved by these complexes are sometimes unsatisfactory depending on the reaction sub- 
strate. Accordingly, there has been a need for a novel catalyst for enantioselective syntheses. 

In order to meet the above-described need, the inventors have conducted extensive studies and, as a 
30 result, have found a novel iridium-optically active phosphine complex which exhibits excellent catalytic activity 
and gives high enantioselective yields in enantioselective syntheses, particularly enantioselective hydroge- 
nation. 

The present invention relates to an iridiunvoptically active phosphine complex represented by formula (I): 

[H2lr(Li)(L2)]Y (I) 

35 wherein represents an optically active phosphine compound represented by fonnula (II): 



40 



45 




(II) 



wherein Ar represents a phenyl group or a p- and/or m-lower alkyl-substituted phenyl group (the lower alkyI 
moiety thereof preferably containing from 1 to 4 carbon atoms), 
or formula (III): 



55 
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[Ir(COD) (CH3CN)2]Y 
[Ir(COD) (L^)]Y 

[H2lr(Li)(L2)]Y 



(VII) 



(VIII) 



(I) 



wherein COD represents 1.5-cyclooctadlene; and L\ L2, and Y are as defined above. 
IS That is, a complex of fonmula (VII) is reacted with an optically active phosphine compound to obtain a 

complex of formula (VIII), which is then reacted with a tertiary phosphine compound and hydrogen to obtain 
the iridium-optically active phosphine complex (I) of the present invention. 

The starting complex (VII) can be prepared according to the process disclosed in M. Green, et al., J. Chem. 
Soc., (A) 2334 (1971), 

20 Of the starting optically active phosphine compounds L\ the optically active compound of formula (III), i.e.. 

2.2'-bis(diphenylphosphinyt)-5,5' ,6,6' ,7,7' .8,8'-octahydro-1,1'-binaphthyl (hereinafter abbreviated as OcH- 
BINAP) can be synthesized, for example, as fallows. 2,2'-Dibromo-1.1'-binaphthyl synthesized by the process 
disclosed in H. Takaya. et al., J. Org. Chem.« Vol. 51, p. 629 (1986) is hydrogenated in the presence of a ru- 
thenium-on-carbon catalyst to obtain 2.2'-dibromo-5,5' ,6,6' ,7,7' ,8,8'-octahydro-1,1'-blnaphthyl (2,2'-dib- 

25 romo-1,1'-bltetrahydronaphthalene), which is then reacted with metallic magnesium to fonm a Grignard reagent. 
The resulting Grignard reagent Is condensed with diphenylphosphinyl chloride to synthesize racemic OcH-BI- 
NAP. The racemate is optically resolved by recrystallizatlon from a mixed solvent of chloroform and ethyl ace- 
tate in the presence of optically active dibenzoyltartaric acid as a resolving agent, and the precipitated crystal 
collected by filtration is treated with 1 N sodium hydroxide to obtain a phosphine oxide. The optical purity of the 

30 phosphine oxide is determined by high perfoiiDance liquid chromatography using an optically active column, 
and the above recrystallizatlon operation is repeated until the product becomes optically pure. The thus 
obtained optically active phosphine oxide is then reduced by using trichlorosilane to obtain optically active OcH- 
BINAP. 

The reaction between the complex (VII) and the optically active phosphine compound can usually be 
35 carried out by stirring in a solvent, e.g., tetrahydrofuran and methylene chloride, at room temperature for 20 
minutes to 1 hour. The reaction between the complex (VIII) and the tertiary phosphine compound can usually 
be carried out by stirring In a solvent, e.g., tetrahydrofuran and methylene chloride, in a hydrogen gas atmos- 
phere at room temperature for 5 to 30 hours. 

The thus produced iridium-optically active phosphine complex (I) can be used as a catalyst for enan- 
40 tioselective syntheses either in the form of the reaction mixture as produced or after being isolated therefrom. 

Examples of enantioseiective hydrogenation reactions to which the complex of the present Invention is 
applicable are described below. 

Enantioseiective hydrogenation of 3-oxotetrahydrothiophene in the presence of the complex (I) gives opti- 
cally active 3-hydroxytetrahydrothiophene. In canrying out the reaction, the substrate. 3-oxotet- 
45 rahydrothiophene, is dissolved In an appropriate solvent, e.g., methanol, tetrahydrofuran. methylene chloride, 
benzene or a mixture thereof, the complex (I) is added to the subsfrate solution in an amount of from 1/1000 
to 1/10 mole per mole of the substrate, and the reaction system is maintained at a temperature of from 10 to 
50°C, and preferably around 30*C, under a hydrogen pressure of from 2 to 100 kg/cm2, and preferably from 
30 to 50 kg/cm2. 

so Enantioseiective hydrogenation of an a.p-unsaturated ketone of fomiula (V) in the presence of the complex 

(I) yields an optically active allyl alcohol derivative of fonmula (VI) as illustrated by the following reactton scheme: 



55 
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3^P-NMR (CDCCg) 6 ppm: 14.9 (s) 

1H-NMR (CDCfa) 6 ppm: 3.95 (m, 2H), 4.26 (m. 2H). 6.94 (d, 2H), 7.32 (q, 4H), 7.40 (d. 2H), 7.54 (m. 16H) 
EXAMPLE 1 

NMe2 

Synthesis of [HjIrCPhjP-^^ ) ( ( + )-BINAP) JBF^ 



In a 50 mil flask with side-arm were charged 252.2 mg (0.25 mmole) of [lr(C0D)((+)-BINAP)]BF4 syn- 
thesized in Reference Example 1 and 80.06 mg (0.263 mmole) of 

15 NMe2 

20 and 5 mP of tetrahydrofuran was added thereto. The reaction mixture was stirred In a hydrogen atmosphere at 
room temperature for 18 hours, followed by concentration to dryness to obtain 302 mg of the titled compound. 
^H-NMR (CD3CN) 6 ppm: -11.51 to -1 1.49 (m, 1H), -9.04 to -8.71 (m, 1H), 1.45 to 2.54 (6H, N-Me). 5.60 to 

8.50 (46H, aromatic ring) 
Elemental Analysis for C64H54BF4NP3lr: 
25 Calcd. (%): C 63.58; H 4.50; N 1.16 
Found (%): C 63.61 ; H 4.39; N 1 .42 

EXAMPLE 2 



NMe2 

Synthesis of [HzIrCPhjP-f^ ) ( (-)-OcH-BINAP) JBF* 



35 

The titled complex was prepared in the same manner as in Example 1 , except for replacing (+)-BINAP with 
(-)-OcH-BINAP. 

1H-NMR (CD3CN) 6 ppm: -11.73 to -1 1.35 (m, 1H), -9.38 to -9.06 (m, 1H), 2.04 to 2.50 (6H, N-Me), 1.60 to 

2.80 (16H, methylene group), 6.00 to 8.40 (38H, aromatic ring) 
40 Elemental Analysis for C64H66BF4NP3ln 

Calcd. (%): C 62.95; H 5.45; N 1 . 1 5 
Found (%): C 62.73; H 5.14; N 1 .08 



EXAMPLES 3 TO 8 

The following complexes were prepared in the same manner as in Example 2, except for replacing (•)-OcH- 
BINAP with (+)-BINAP, (-)-Tol-BINAP-^ or (-)-2,2'-bis{di(3.5-dimethylphenyl)phosphino}-1,1'-binaphthyl 
(hereinafter abbreviated as (•)-3,5-D,M-BINAP) and replacing 



NMe2 
Ph2P-^ 



with 
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Example 7: 




Elemental Analysis for C66H55BF403P3lr: 
Calcd. (%): C 62.15; H 4.41 
Found (%): C 62.41; H 4.62 



Example 8: 




Elemental Analysis for C66H59N2P3BF4ln 
Calcd. (%): C 63.31 ; H 4.75; N 2.24 
Found (%): C 63.53; H 4.46; H 2.19 

EXAMPLE 9 

Enantioseiective Hydrogenation of 3-Qxotetrahydrothlophene 

In a 500 mt stainless steel autoclave were charged 214.5 g (2.103 mole) of 3-oxotetrahydrothiophene and 
13 9(10.5 mmole)of 



synthesized in Example 8 in a nitrogen atmosphere, and 200 mF of tetrahydrofuran and 43 mt of methanol were 
added thereto, followed by stirring at 30*^0 for 45 hours under a hydrogen pressure of 50 kg/cm^. The reaction 
mixture was concentrated, and the residue was subjected to silica gel column chromatography (eluent: 
hexane/benzene/ethyl acetate=70/25/1 0 by volume) to separate the hydrogenation product from the unreacted 
matter. There were recovered 146 g of the unreacted matter and 63 g of 3-hydroxytetrahydrothiophene (con- 
version: 31.8%; theoretical percent yield: 93.8%). 
[al?: +9.2« (c=2.r, CHCf 3) 
Optical purity: 63.2 %ee 

EXAMPLE 10 

In a 100 mf stainless steel autoclave were charged 3 mt (35.1 mmoie) of 3-oxotetrahydrothtophene and 
0.121 g (0.176 mmole)of 



synthesized in Example 2 in a nitrogen atmosphere, and 3 mf of tetrahydrofuran and 1 mt of methanol were 
added thereto. The mbcture was stirred at 30<*C under a hydrogen pressure of 50 kg/cm^ for 45 hours, and the 
reaction mixture was worked up in the same manner as in Example 9 to obtain 0.84 g of 3-hydroxytet- 



NHez 




NMe2 
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NMe2 

[H2lr(Ph2P-f~^ ) { (-)-OcH-BINAP) ]BF^ 



synthesized in Example 2, 1.68 g of an ally! alcohol having a purity of 90% and an optica! purity of 68 %ee was 
obtained at a conversion of 30%. 



Claims 

1. An iridlum-optlcally active phosphine complex represented by formula (I): 

[H2lr(Li)(L2)]Y (I) 

wherein U represents an optically active phosphine compound represented by formula (II): 




wherein Ar represents a phenyl group or a £- and/or m-lower alkyl-substituted phenyl group, 
or formula (III): 




(III) 



represents a tertiary phosphine compound represented by formula (IV): 



z 




(IV) 



wherein Z represents a lower alkoxy group or a di-^ower alkytamino group and A represents an integer of 
from 1 to 3; and Y represents BF4, PFe, Ct04 or BPh4, wherein Ph represents a phenyl group. 

2. A process for producing an optically active 3-hydroxytetrahydrothiophene comprising enantioselective 
hydrogenatlon of 3-oxotetrahydrothlophene in the presence of an Iridlunrvoptlcally active phosphine com- 
plex represented by fonrnula (I): 

[H2lr(U)(L2)]Y (I) 

as defined In Claim 1. 

3. A process for producing an optically active allyl alcohol derivath^e represented by formula (VI): 
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